PART NUMBER
R6532

R6500 Microcomputer System
DATA SHEET

RAM, 1/0, INTERVAL TIMER DEVICE (RIOT)
DESCRIPTION FEATURES
. i . R 1 i @ 8 bit bidirectional Data Bus
The R6532 is designed to operate in conjunction with e 128 x 8 static RAM
the R6500 Microprocessor Family. It is comprised of a e Two 8 bit bidirectional data ports
128 x 8 static RAM, two softwarecontrolled, 8bit ® Programmable Interval Timer with Interrupt Capability
oY 3 5 ) 4 A e TTL & CMOS compatible peripheral lines
bidirectional data ports allowing direct interfacing be-  Ona port has Direct Translstor Drive Capablifty
tween the microcomputer and peripheral devices, a @ Programmable edge-sensitive interrupt input
software programmable interval timer with interrupt, ?sh(;g,fsaog g‘l’:‘ compatible
ey 4 2 z an Hz parts availabl
capable of timing in various intervals from 1 to 262,144 e z B =
clock periods, and a programmable edge-detect circuit.
Ordering Information
Order Package Temperature Frequency
Number Type Range Range
RE532P Plastic 0°¢ 10 +70°C 1 MHz
R6532C Ceramic 0°¢ 1o +70°¢ 1 MHz
RB532PE Plastic -40°¢ 0 +85°C 1 MHz
RB532CE Ceramic -40°C to +85°C 1 MHz
REB32AP Plastic 0°C 10 +70°¢C 2 MHz
RE532AC Ceramic 0°C 10 +70°C 2 MHz
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INTERFACE SIGNAL DESCRIPTION

Reset (RES)

During system initialization a logic “’0" on the RES input will
cause a zercing of all four 1/O registers. This in turn will cause
all 1/O buses to act as inputs thus protecting external components
from possible damage and erroneous data while the system is being
configured under software control. The Data Bus Buffers are put
into an OFF-STATE during Reset. Interrupt capability is dis-
abled with the RES signal. The RES signal must be held low for
at least two clock periods when reset is required.

Read/Write (R/W)

The R/W signal is supplied by the microprocessor and is used to
control the transfer of data to and from the R6532. A high on
the R/W pin allows the processor to read (with proper addressing)
the data supplied by the R6532. A low on the R/W pin allows a
write (with proper addressing) to the R6532.

Interrupt Request (IRQ)

The IRQ pin is an interrupt pin from the interrupt control logic.
The pin will be normally high with a low indicating an interrupt
from the R6532. An'external 3K pull-up resistor is required. The
iRQ pin may be activated by a transition on PA7 or timeout of
the interval timer.

Data Bus (D0-D7)

The R6532 has eight bidirectional data pins (D0-D7). These pins
connect to the system’s data lines and allow transfer of data to
and from the microprocessor. The output buffers remain off or
tri-stated except when the R6532 is selected for a Read operation.

1/0 Ports (PAQ-PA7, PBO-PB7)

The RB632 has 16 pins available for peripheral |/O operations.
Each pin is individually software programmable to act as either
an input or an output. The 16 pins are divided into two 8-bit
ports, PAQ-PA7 and PBO-PB7. (PA7 also has another use which
is discussed in a later section.) Each is set up as an input by
writing a 0" into the correspbnding bit of the data direction
register. A 1" written into the data direction register will cause
its corresponding bit to be an output. When in the input mode,
the peripheral output buffers are in the ""1"" state and the internal
pull-up device acts as less than one TTL load to the peripheral
data lines. On a Read operation, the microprocessor reads the
peripheral pin. When the peripheral device gets information from
the RB532 it receives data stored in the data register. The micro-
processor will read correct information if the peripheral lines are
greater than 2.0 volts for a *'1” and less than 0.8 volt for a 0"
as the peripheral pins are all TTL compatible. Pins PBO-PB7 are
also capable of sourcing 3 ma at 1.5V, thus making them capable
of Darlington drive.

Address Lines {A0-AB)

There are 7 address pins. In addition to these 7, there is the RAM
SELECT (RS) pin. The pins AD-AB and RAM SELECT are always
used as addressing pins. There are two additional pins which are
used as CHIP SELECTS. They are pins CS1 and CS2,

INTERNAL ORGANIZATION

The R6532 is divided into four basic sections, RAM, 1/0, TIMER,
and Interrupt Control. The RAM interfaces directly with the
microprocessor through the system data bus and address lines.
The 1/O section consists of two 8-bit halves. Each half contains a
Data Direction Register (DDR) and a Data Register (DR).

RAM — 128 Bytes (1024 Bits)

The 128 x 8 Read/Write Memory acts as a conventional static
RAM and can be accessed from the microprocessor by selecting
the chip (CS1 = 1, CS2 = 0) and by setting RS to a logic 0 (0.4V).
Address lines AD through AB are then used to select the desired
byte of storage.

1/0 Registers

The ‘A" side |/O port consists of eight lines which can be indi-
vidually programmed to act as either an input or an output. A
logic zero in a bit of the Data Direction Register (DDRA) causes
the corresponding line of the ‘A’ port to act as an input. A logic
one causes the corresponding ‘A’ line to act as an output. The
voltage on any line programmed to be an output is determined by
the correspanding bit in the Data Register (DRA).

Data is read directly from the data pins during any read operation.
For any output pin, the data transferred into the processor will
be the same as that contained in the Data Register if the voltage
on the pin is allowed to go to 2.4V for a logic one. Note that for
input lines, the processor can write into the corresponding bit of
the Data Register. This will not affect the polarity on the pin
until the corresponding bit of DDRA is set to a logic one to allow
the 1/O line to act as an output.

The operation of the ‘B’ side Input/Output port is exactly the
same as the normal 1/O operation of the ‘A’ side port. Each of
the eight lines can each be programmed to act as either an input
or as an output by placing a 0 or a 1 into the Data Direction reg-
jster (DDRB). In the output mode, the voltage on a peripheral
pin is controlled by the Data Register (DRB).

The primary difference between the ‘A’ port and the ‘B’ port is
in the operation of the output buffers which drive these pins.
The ‘B’ side output buffers are push-pull devices which are
capable of sourcing 3 ma at 1.5V. This allows these pins to
directly drive transistor switches. To assure that the micro-
processor will read proper data on a “‘Read ‘B’ side’’ operation,
sufficient logic is provided in the chip to allow the micropro-
cessor to read the Output Register instead of reading the periph-
eral pin as on the ‘A’ port,

Edge Detecting with PA7

In addition to acting as a peripheral 1/O line, the PA7 line can be
used as an edge-detecting input. In this mode, an active transi-
tion will set the internal interrupt flag (bit 6 of the Interrupt
Flag register). Setting the interrupt flag will cause ﬁaoutput
to go low if the PA7 interrupt has been enabled.

Control of the PA7 edge detecting mode is accomplished by
writing to one of four addresses. In this operation, AQ controls
the polarity of the active transition and A1 acts to enable or
disable interrupting of the processor. The data which is placed
on the Data Bus during this operation is discarded and has rio
effect on the control of PA7.



The PA7 interrupt flag will be set on an active transition, even
if the pin is being used as a normal input or as a peripheral con-
trol output. The flag will also be set by an active transition
if the PA7 interrupt is disabled. The reset signal (RES) will
disable the PA7 interrupt and will set the active transition to
negative (high-to-low). During the system initialization routine,
it is possible to set the interrupt flag by a negative transition.
It may also be set by changing the polarity of the active inter-
rupt, It is therefore recommended that the interrupt flag be
cleared before enabling interrupting from PA7, To clear the PA7
Interrupt Flag, simply read the Interrupt Flag Register.

Interval Timer

The Timer section of the RB532 contains three basic parts: pre-
liminary divide down register, programmable 8-bit register and
interrupt logic.

The interval timer can be programmed to count up to 255 time
intervals. Each time interval can be either 1T, 8T, 64T or 1024T
increments, where T is the system clock period. When a full
count is reached, an interrupt flag is set to logic ""1”". After the
interrupt flag is set the internal clock begins counting down
at the system clock rate to a maximum of -2656T. Thus, after
the interrupt flag is set, a Read of the timer will tell how long
since the flag was set up to a maximum of 255T.

The 8-bit system Data Bus is used to transfer data to and from
the Interval Timer. If a count of 52 time intervals were to be
counted, the pattern0 0 1 1 0 1 0 0 would be puton the
Data Bus and written into the divide by 1 Interval Timer register.

At the same time that data is being written to the Interval Timer,
the counting intervals of 1, 8, 64, 1024T are decoded from
address lines AO and A1. During a Read or Write operation
address line A3 controls the interrupt capability of PB7, ie.,
A3 = 1 enables IRQ, A3 = 0 disables IRQ. When the timer is
read prior to the interrupt flag being set, the number of time
intervals remaining will be read, i.e., 51, 50, 49, etc.

When the timer has counted through 00000 00 0 en the next
count time an interrupt will occur and the counter will read
11111111, After the interrupt flag is set, the timer reg-
ister decrements at a divide by “1" rate of the system clock.
If the timer is read after the interrupt Flag is set and a value of
171100100 is read, the time since interrupt is 27T. The
value read is in two's complement, but remember that inter-
rupt occurred on count number one. Therefore, we must sub-
tract 1.

Value read = 11100100

Complement = 00011011

ADD 1 = 00011100 = 28Equalstwo’s
complement of register

SUB 1 = 020008510 1T = 27

Thus, to arrive at the total elapsed time, merely do a two's com-
plement add to the original time written into the timer. Again,
assume time written as 0 0 1 1 0 1 0 0 (=52). With a divide
by 8, total time to interrupt is (52 x 8) + 1 = 417T. Total
elapsed time would be 416T + 27T = 443T, assuming the value
read after interruptwas1 1 1 0 0 1 0 0.

The interrupt flag will be reset whenever the Timer is accessed
by a read or a write. However, the reading of the timer at the
same time the interrupt occurs will not reset the interrupt flag.
When the interrupt flags are read (D7 for the timer, D6 for the
edge detect) data bus lines D0-D5 go to O.

When reading the timer after an interrupt, A3 should be low so
as to disable the IRQ pin. This is done so as to avoid future
interrupts until after another Write timer operation.
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RB5XX 1/0 Write Timing
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R/W Hold Time TowH 0 - 0 — ns
Data Bus Set-Up Time Tocw 200 = 20 - ns
Data Bus Hold Time THw 10 =5 10 = ns
Peripheral Data Delay Time Tcrw = 1 - 05 us
Peripheral Data Delay Time Cpps Temos = 2 — 1 s
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Peripheral Data Set Up Time Tpcr 300 - 150 - ns




Address Decoding

Operation

RMW

A4

A3

A2 Al AD

Write RAM
Read RAM

o

1
|

Write Output Reg A
Read Output Reg A

=0 |=0

A

o o

Write DDRA
Read DDRA

-0

co|oo

Write Output Reg B
Read Output Reg B

-0

Write DDRB
Read DDRB

ey G (R R

==

|looc|loo|looO0|Cc O
aw|loo|a =

Write Timer
=T
+8T
+64T
+1024T
Read Timer
Read Interrupt Flag
Write Edge Detect Control

P U SRR, R S
O==000C0

LN

0

{a)
(a)
(al
{a)
(a)

N S e
- =200
-0 =0-=0

(b)

— = Don't Care, “1" = High level {=2.4V), “0" =

{a) A3=0 to disable interrupt from timer to IRQ
A3=1 toenable interrupt from timer to IR

(=]

(b} A1=0 to disable interrupt from PA7 to IRQ

A1=1 todisable interrupt from PA7 to IR

NOTES

Low level (£0.4V)

{c) A0 =0 for negative edge-detect
AO0=1 for positive edge-detect

Register Addressing

Start Start
Address + Register/Function Address + Register/Function

$0 DRA ('A’ side data register) $7 Write edge-detect control (positive edge-

$1 DDRA {'A’ side data direction register} detect, enable intrrupt)

$2 DRB ‘B’ side data register) sC Read timer (enable interrupt)

43 DDRE {'B" side data direction register} $14 Write timer (divide by 1, disable interrupt)

84 Haad fimati{disabls intartupt) 315 Write timer (divide by 8, disable interrupt)

$a Write edge-detect control [negative edge-detect, $18 Write timer (divide by 64, disable interrupt)
disable interrupt) $17 Write timer (divide by 1024, disable interrupt)

$5 Read interrupt flag register {bit 7 = timer, $1C Write timer {divide by 1, enable interrupt}
bit 6 = PA7 edge-detect) Clear PA7 flag 31D Write timer {(divide by 8, enable interrupt}

¥ \;\{rit;l ecfg:-det::t controlfpositiveiedoc-detect, $1E Write timer (divide by 64, enable interrupt)

isable intrrup
$1F Write timer (divide by 1024, enable interrupt)

$6 Write edge-detect control {negative edge-detect, : i L

enable interrupt)




SPECIFICATIONS

Maximum Ratings

Rating Symbel Value Unit
Supply Voltage VCC -0.3 10 47.0 Vde
Input Voltage Vi -0.3 to +7.0 Xd"
Operating Temperature c
Commercial 0 to +70
Industrial -40 to +85
Storage Temperature TSTG -55 to +160 e
NOTE
This device contains input protection against damage due to high static voltages or electric fields; however, precautions
should be taken to avoid application of voltages higher than the maximum rating.

Electrical Characteristics

Voo =5045%,T,=0- 70°C, Unless Otherwise Noted.)

Characteristic Symbol Min Max Unit
Input High Voltage VIH 24 vCcC
Input Low Voltage V“_ VSS 0.4
Input Leakage Current: V, = +5.26V N 2.5 KA
AD-AB, RS, R/W, RES, ¢2,CS1, Cs2
Input Leakage Current for High Impedance State ITSI +10.0 A
(Three State): Vin = 0.4V t0 2.4V; DO-D7
Input High Current: VIN =24V I!H -100 HA
PAQ-PA7, PBO-PB7
Input Low Current: VIN =04V I”_ -1.6 mA
PAQ-PA7, PBO-PB7
Qutput High Voltage VOH A
VCC = MIN, ILOAD <-100 uA (PAO-PA7,PBO-PB7, DO-D7) 24
ILOAD <-3 mA (PBO-PB7) 15
Output Low Voltage VO ¢ v
VCC=MIN, || 5ap <1.6 mA (DO-D7) 0.4
Output High Current (Sourcing): IOH
VOH =2.4V (PAO-PA7, PBO-PB7, DO-D7) -100 KA
>1.5V Available for other than TTL -3.0 mA

(Darlingtons) {PBO-PB7)

Output Low Current (Sinking): VOL <0.4V (PAO-PAT) oL 1.6 mA
(PBO-PB7)

Clock Input Capacitance Ceik 30 pF

Input Capacitance CIN 10 pF

Qutput Capacitance COUT 10 pF

Power Dissipation (TA = 0%) PD 1000 mW

NOTE
All values are D.C. readings




10° MaX

a0 T 21 { e
DOT OR NOTCH
TO LOCATE 0.600 MAX (15.87) 0.625
PIN NO. 1 = (15.24 MM) (15.11) 0.595
1 N 20| ¥ -
0.165 MAX
(3.93 MM)
2.020 MAX
(51.30 MM} O 1amMak
(4.82 MM)
X
S 0.310 MAX
1] A (7.87 MM)

(1.65) 0.065
—_ TYF
(1.01) 0.040 0.100 MIN
(2.54 MM)
(0.55) 0.022
P
(0.45) 0.018 T 0.010 MIN
1910 (48.51 M) L)
1.880  (48.00 MM)

19

EQUAL SPACES

0.100 G TOL NONCUM.
(2.54 MM)

NOTE

Pin No. 1 is in lower left corner when
symbolization is in normal orientation

vss
AB
Ad
A3
A2
Al
A0
PAO
PA1
PAZ2
PA3
PA4
PAS
PAG
PAT7
PB7
PB6
PB5
PB4

<
(o]
3]

Packaging Diagram

=1 4003 A
=]2 39[3 ¢
3 38 cs1
E=l'a 37 ¢cs32
s 363 RS
s 35 ryw
=7 34 RES
—ls 33 Do
[ -] 32 D1
10 31[Jp2
E=Ei 30{3 D3
=]a2 29[ D4
13 28 D5
514 271 D6
15 26[1D7
{ man 1] 25 [1TRQ
ELi17 24[]PBEO
=118 23 PB1
—19 22[3PB2
=20 21[JPe3

Pin Configuration
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